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I N T R O D U C T I O N 
The Cymbopogon Spreng. is a genus of fragrant grasses and 
belongs to the tribe Andropogoneae of the family Poaceae. The whole 
genus comprises of perennial grasses, generally distributed in 
tropical and subtropical regions of the old world and their largest 
concentration is in Africa and South East Asia. These grasses are 
characterised by the presence of essential oils in all parts of 
their body except roots. Essential oils from Cymbopogon species 
have immense commercial importance because of their intensive use 
in perfumeries, cosmetics and pharmaceutical preparations (Guenther, 
1950; Wealth of India, 1950; Fujita, 1950; Chopra and Chopra, 1955; 
Chopra £t£[., 1956; Bor 1960; Chopra and Handa, 1961). 
The genus comprises more than 100 species. Of them, about 
10-12 species have been reported from India alone. However, there 
are six most commercially exploited Cymbopogon species throughout 
the globe, viz., C_. martinii (Roxb.) Wats, with two varieties, 
motia for the production of palmarosa oil and sofia for ginger 
grass oil, £. flexuosus (Steud.) Wats., C_. citratus Stapf. and 
£. pendulus Stapf. for lemongrass oil, £. winterianus Jowitt. and 
£. nardus (Linn.) Rendle for citronella oil. 
In India, C_. martinii, £. f lexuosus and £. winterianus 
are the three major species under large scale of commercial cultiva-
tion followed by C_. citratus, C_. pendulus and £. nardus. A few 
more alternative Cymbopogon species often used as source of essen-
tial oils are £. jwarancusa Schult, C_. coloratus Stapf., £. caesius 
Stapf. and C. khasianus. 
Apart from the economic importance of essential oils of 
Cymbopogon species, its lignocellulosic waste also have some poten-
tial uses. The spent grass (residues left after distillation) can 
be used in the manufacture of paper and cardboard as pulping of 
such materials is easier. This can also be converted into straw 
board and fibre board. Spent citronella grass can also be used 
in combination with other organic manure. The spent lemongrass 
is also proved to be a good cattle feed besides its use 1n paper 
industry. 
The Cymbopogon industry in India has vast and expanding 
business potentials due to the wide internal use of oil and spent 
grass and the increased export possibilities of oil and their pro-
ducts. Thus establishment of extensive plantations of different 
Cymbopogon species in different parts of the country would meet 
the growing demand of these essential oils which would result in 
providing raw material as well as foreign exchange earning for 
the nation. As a result of intensive research and development several 
high yielding varieties have been recently developed in India. 
Mycorrhizae, are mutalistic associations between plant roots 
and fungi which occur naturally throughout the terrestrial eco-
system. Mycorrhiza are classified into different forms such as 
ectomycorrhiza, vesicular-arbuscular mycorrhiza, ericoid, arbutoid, 
monotropoid and orchid mycorrhiza. 
Among these, vesicular-arbuscular mycorrhizae (VAM) are 
the commonest and widespread occurring in a large number of species 
of bryophytes, pteridophytes, gymnosperms and angiosperms. The 
VA mycorrhizal plant species include the most important agricultural 
crops such as cereals, grasses, legumes, citrus, coffee, cotton, 
rubber, tea, etc. VAM fungi are also the oldest established mycorr-
hiza as they have been detected in some of the oldest land plants 
such as Rhynia and Asteroxylon. 
There are relatively a few families which are known to 
be non-mycorrhizal. Members of Brassicaceae, Commelinaceae, Cypera-
ceae, Juncaceae, Proteaceae and some member of the Capparaceae, 
Polygonaceae, Resedaceae, Urticaceae and herbaceous members of 
Caryophyllales (i.e., Amaranthaceae, Caryophyllaceae, Chenopodiaceae, 
Portulaceae) are non-mycorrhizal. In addition to these, most of 
the woody plant species are ectomycorrhizal. 
The VA mycorrhiza are characterised by the formation of 
dichotomously branched, hausteria like structures called arbuscules 
in the root cortical cells and some of them also produce terminal 
and intercalary hyphal swellings, called vesicles which are either 
inter-or intracellular. The name 'Vesicular-arbuscular mycorrhiza' 
originated from the production of specialized structures such as, 
arbuscules and vesicles by the symbionts. 
All the fungal species which are responsible for the format-
ion of VA mycorrhiza have been placed in a new order, Glomales 
(Morton & Benny, 1990). This order is recognized to have three 
families; Acaulosporaceae, Glomaceae and Gigasporaceae. There 
are overall 6 genera of VAM fungi; Acaulospora, Entrophospora 
(Acaulosporaceae), Glomus, Sclerocystis (Glomaceae), Gigaspora 
and Scutellospora (Gigasporaceae). 
All VAM fungi belonging to these six genera have loose 
network of aseptate hyphae in the soil which grow both intra-and 
intercellularly in the root cortex, after getting entry through 
epidermal cells. The intracellular hyphae eithe become coiled 
or (more typically) become differentiated into densely branched 
arbuscules. These arbuscules remain enclosed by the host plasmale-
mma and are considered as the sites of nutrient exchange between 
fungus and plant. The fine branches of these may swell to form 
small, spherical bodies which gradually breakdown and degenerate. 
The active period of individual arbuscules is of only few days. 
Many of these, though not all, VAM fungi form thin walled, 
large, multinucleate, terminal or intercalary vesicles. These 
expanded, oil (mainly lipids) rich structures are not limited 
by a septum and may be produced on both intracellular and inter-
cellular hyphae. 
Besides the intramatrical phase, VAM fungi also proliferate 
in the soil outside the root, i.e., extramatrical phase. In extramatri-
cal phase, they produce large or small, rounded, presumably asexual 
spores. Some species are zygosporic, while others produce chlamy-
dospores or azygospores which may be either free or born in sporo-
carp. Occasionally they are also found in roots, empty seed coats 
(Taber, 1982), insect carapaces (Rabatin and Rodes, 1982), rhizomes 
(Taber and Trappe, 1982,and some other protected places. The size 
range of these spores varies according to the species. They may 
have upto 30 um thick hyaline to darkly pigmented wall. These spores 
are filled with storage lipids. 
The life cycle of VAM fungi are complex. During this process, 
the spore germinates and produces a vegetative mycelium which forms 
appressori um on the epidermis of host root upon contact resulting 
in an 'infection unit'. Formation of appressorium on the root is 
rapidly followed by the penetration of epidermal and cortical cells 
by hyphae. Once inside the root, hyphae branch and spread inter-
and intracellularly in the outer cortex and hyphal coils may also 
be formed within the cells. After the establishment of primary 
infection, extensive growth of extramatrical mycelium occurs (Mosse 
and Hepper, 1975). Hyphae grow along the root surface and initiate 
secondary infection units. The spread of the mycelium in the outer 
cortex is restricted to some extent, so that its growth and differ-
entiation chiefly occur in the middle and inner cortex, where typi-
cal mycorrhizal structures, i.e., vesicles and arbuscules are formed. 
The extramatrical hyphae of mycorrhizal fungi grow out from 
the infected root into the soil and act as an extension of the 
plant's root system. Thus the volume of permeated soil becomes 
much greater with the hyphae of a mycorrhizal fungus than with 
plait root hairs and improve the uptake of nutrients, specially 
relatively immobile mineral elements such as P, Zn, and Cu and 
also to a limited extent ions of Ca, K, Fe, Mg, Mn, CI, Br and 
N (Tinker, 1984) resulting in enhanced plant growth. Mycorrhizal 
fungi also enhance water uptake (Safir et_ a_[., 1971), otherwise 
alter the physiology of the plant to reduce stress response to 
soil drought (Parke e_t^., 1983; Safir & Nelsen, 1985). Mycorrhiza-
tion also can reduce plant response to soil stresses such as high 
salt levels, different types of toxicities due to mine spoils, 
heavy metals, or minor element imbalance. VAM associations decrease 
the transplant injury (Menge et ^., 1978), promote the establishment 
of plants in wastelands (Marx and Altman, 1979), help the plants 
to withstand high temperatures and impart resistance to certain 
plant pathogens (Dehne, 1982). The mycorrhizal fungi also alter 
the soil texture by increasing the extent of soil particles aggre-
gation and stability (Sutton and Sheppard, 1976). The VAM fungi 
has been established to have significant effect on plant growth 
(Gerdemann, 1968; Mosse, 1979; Tinker, 1975) due to these attri-
butes. Thus the mycorrhizal plants in their natural environment 
are healthier and grow more vigorously than non-mycorrhizal plants. 
Mycorrhizal plants can also grow better in infertile soil due to 
their ability to explore greater volume of soil which increases 
uptake of una»/ailable nutrients as P, Zn and Cu. In exchange of 
all these benefits to the mycorrhizal plants, the fungal symbionts 
obtain carbon from the host plants (Snellgrove e^ aj^., 1982; Paul 
^ £l_., 1985) in the form of carbohydrate produced by photosynthesis. 
Objectives of the proposed study for Ph.D. thesis are: (1) 
Screening of aromatic Cymbopogon species for vesicular-arbuscular 
mycorrhizal association; (2) identification of VAM fungi associated 
with these plants; (3) assessment of seasonal variation of VAM 
colonization; (4) evaluation of the effect of inoculation of Cymbo-
pogon species with VAM fungi in relation to growth and productivity; 
(5) determination of the influence of VAM colonization on nutrient 
uptake by the mycorrhizal plants; and (6) evaluation of the effect 
of VA mycorrhization of Cymbopogon species on the production of 
essential oil and its constituents. 
The proposed investigations will be executed by the follow-
ing plan of work: 
l.a - Screening of five Cymbopogon species, viz., C^ . martini i, 
£. winterianus, C_. flexuosus, £. pendulus and £. caesius 
for the association of vesicular-arbuscular mycorrhizae. 
I.b - Seasonal variation on the VAM development and colonization 
on these plants. 
I.c - Identification of VAM fungi associated with Cymbopogon species, 
2.a - Development of monospore cultures of three VAM fungi. Glomus 
aggregatum, G^ . fasciculatum and £. mosseae. 
2.b - Inoculation of £. flexuosus. £. martinii and £. winterianus 
grown on sterilized soil under glasshouse conditions, with 
the VAM fungi to find out the effect of mycorrhization on 
growth and biomass production. 
2.C - Estimation of VAM population in the rhizosphere soil and 
percent root colonization of inoculated plants. 
3.a - Chemical analysis of sterilized pot soil for N,P,K, Cu and 
Zn before planting. 
3.b - Chemical analysis of pot soils for N,P,K, Cu and Zn after 
plant growth harvest. 
3.C - Chemical analysis of inoculated plants for N,P,K, Cu and 
Zn. 
3.d - Chemical analysis of control plants for N,P,K, Cu, Zn. 
4.a - Determination of essential oil yield of VAM inoculated and 
control plants by hydrodistiUation. 
4.b - Analysis of essential oil obtained from inoculated and con-
trol plants by GLC for finding out the effect, on the quantity 
and quality of the constituents. 
L I T E R A T U R E R E V I E W 
The genus Cytnbopogon of the tribe Andropogoneae includes 
many economically important species. The number of species enumera-
ted in this genus, ranges from 55 (Soenarko, 1970) to nearly 140 
(Chase and Niles, 1962). In the Wealth of India (1950) it has been 
reported that the genus is of about 80 species. According to Index 
Kewensis (1965), 102 species belong to this genus. Most of the 
species are aromatic and some of them yield essential oils of comm-
ercial importance. The identification and classification of the 
species are difficult as they hybridize freely and produce numer-
ous forms and also many of them often do not flower at all. However, 
Husain et^  j_[. (1984) classified the essential oil bearing Cymbo-
pogon species into 3 major categories based on commercial importance 
of the species: 
(a) Major Cymbopogon species under commercial cultivation are: 
£. flexuosus, £. winterianus and £. martinii var. motia. 
(b) Minor/supplementary Cymbopogon species under small scale 
cultivation are: C^ . citratus, C^ . nardus, iC. pendulus. However, 
in some countries beyond south Asia, these plants occupy 
a major place as well. 
(c) Some promising Cymbopogon species as new sources of essential 
oils are: £. jwarancusa, C_. khasianus and £. coloratus. 
These are under experimental or small scale cultivation. 
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These Cymbopogon species are known to produce different types of 
fragrances from their leaves on maceration due to the presence 
of essential oils containing a variety of aromatic compounds. Main 
constituents of the essential oils of some important Cymbopogon 
species are geraniol, citral, citronellal, citronellol and piperi-
tone. These essential oils also contain a large number of minor 
constituents. 
A brief account of important species of Cymbopogon is as 
follows: 
Cymbopogon martinii : It is commonly known as Rosha or Rusha grass 
and occurs in two (morphologically indistinguishable) varieties, 
motia and sofia. The former yields palmarosa oil and the latter, 
ginger grass oil. Cymbopogon maritinii is a native of India and 
is being mainly cultivated in Madhya Pradesh, Bombay and Assam. 
The bulk of palmarosa oil is extracted and exported by India. The 
alcoholic geraniol rich in rosaceous aroma is the principal consti-
tuent of palmarosa oil. In India, palmarosa oil is extensively 
used for adulterating 'Attar' of roses. Large quantity of oil is 
exported for use in perfumary. It is used as a source of geraniol 
in perfumery for its geranium odour as true geranium oil is more 
expensive. Besides its perfumery value, palmarosa oil has antiseptic 
properties and some medicinal values and uses in skin diseases, 
stiff joints, etc. Ginger grass oil from sofia variety is chiefly 
used as soap perfume. 
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Cymbopogon flexuosus : This is commonly known as East Indian lemon-
grass. It originated in India and is mainly distributed in Tinne-
velli, Travancore and Cochin. This grass yields 'East Indian lemon-
grass oil' with high citral content. The oil finds acceptance in 
the world market and preferred over that produced elsewhere, for 
its high citral content and solubility in 70% alcohol. The oil is 
used in various fields and specially for the extraction of citral, 
which is a starting material for the preparations of ionones {« -
ionone andAionone). TheoC-ionone is used in flavours, cosmetics and 
perfumes, whereasyS-ionone is used in the manufacture of synthetic 
Vitamin A (Guenther, 1950). The oil is also used in medicine, as 
bacterial and as insect repellent. 
Cymbopogon citratus : This is called as 'West Indian lemongrass' 
which originated either in India or in Indonesia (Maheshwari, 1966; 
Strauss, 1969). This grass is also one of the best source of citral, 
citronellal. Geraniol and myrcene are the other constituents of this 
oil. The oil has a lower solubility in 70% alcohol and eventually 
a lesser economic importance in perfumery trade in comparison to 
East Indian lemongrass. Nevertheless, both these oils are equally 
good for citral preparations which is required in manufacture of 
ionones. 
Cymbopogon pendulus : The species is native to India and commonly 
known as Jammu lemongrass as it occurs in sub Himalayan regions and 
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has been successfully cultivated in Jammu and the hilly areas of 
Kangra (Palampur). Jammu lemongrass oil has high citral content (75-
80%) and high yield potential, thus it can be used both in perfumery 
and pharmaceutical industries. The oil has same uses like that of 
£. flexuosus oil, and can be used as a supplement to £. flexuosus. 
The species is under small scale cultivation in India (Baylan et al., 
1979; Atal and Bradu, 1976; Duhan e^ ^ , 1976). 
Cymbopogon winterianus : It is the primary source of citronella oil, 
native of Ceylon and originated from C^ . nardus by clonal selection. 
Though it was originated in Ceylon but does not perform so well as 
in Indonesia (Java), where it was introduced during 1988. In Indo-
nesia it is cultivated on large scale as the principal aromatic grass, 
hence named 'Java citronella'. The main producers of Java citro-
nella oil are Formosa, China and Java. The oil produced in India is 
also of high quality but it has been importing most of her require-
ments of this oil from other countries. Gradually import has gone 
down, due to the large scale cultivation and distillation in the 
country. In India, it is cultivated particularly in North India, 
i.e., in Assam, West Bengal and Uttar Pradesh and also in Mahara-
shtra, Goa, Daman, Diu, South Gujarat, Karnataka, Andhra Pradesh 
and Tamil Nadu in a considerable acreage. Geraniol, citronellal, 
citronellol and hydroxycitronellal are the commercially important 
constituents of citronellal oil. This oil is used in perfumery, soap. 
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cosmetic and pharmaceutical industries. The oil has also been reco-
gnised as mosquito repellent (Dover, 1930) and can be used as poten-
tial germicide (Dayal and Purohit, 1971). 
Cymbopogon nardus : It is indigenous to Ceylon, known as Ceylon cit-
ronella which is another primary source of citronella oil used for 
commercial purposes. 'Ceylon citronella oil' is rich in geraniol 
(30-40%), but poor in citronellal as compared to £. winterianus oil. 
The oil is chiefly used in cosmetic and soap perfumers and for scent-
ing cheap sprays, disinfectants, detergents and polishes (Guenther, 
1950). It is also used in pharmaceutical preparations such as insect 
repellent and also in preparations against mosquitos, leaches and 
bites (De Silva, 1957, Jain, 1968). The Ceylon oil is found to be 
antiseptic, carminative, stimulant, sedative, diaphoretic and sudori-
fic (Chopra et_^., 1956; Kokate e_t. a]_., 1971). 
Cymbopogon jwarancusa : It is indigenous to India occurring in Hima-
layas (from Kashmir to Assam and in North Western Plains down to 
Bombay (Guenther, 1950, Anonymous, 1950, Chopra £t aj[., 1950). The 
oil of this species has large amount of piperitone (upto 80%), and 
thus uniquely bear a minty note. The oil is used to purify blood, 
in coughs, rheumatism, fever, etc. and in aromatic tonic in dyspep-
sea. The oil also has powerful germicidal properties (Dayal and Puro-
hit, 1971). 
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Cymbopogon coloratus : This species is highly aromatic with xero-
phytic habit and is a good supplement to Java citronella (£. winteri-
anus) because of 34-43% citronellal content in the oil. The oil 
has an odour reminiscent of both citronella and lemongrass and thus 
may be used in perfuming soaps. The plant can be used as fodder 
of inferior quality (Bor, 1960). 
Cymbopogon caesius : Kachi grass (£• caesius) occurs in Madras, 
Mysore, Travancore, Gujarat in India and also in Arabia and Somali 
land. The chief constituent of its oil is geraniol, a constituent 
of gingergrass oil and thus resembles to it in odour, and the consti-
tuents have same market value. 
Cymbopogon khasianus : It is indigenous to Khasi Hills of India 
and its oil has high geraniol content and thus is a good supplement 
to palmarosa. 
VESICULAR-ARBUSCULAR MYCORRHIZA (VAM) 
The name mycorrhizae (fungus root) was coined by Frank in 
1885. Vesicular-arbuscular mycorrhiza (V/Vi) was first recognized and 
described in the last decades of the 19th century, but the interest 
in this symbiosis was aroused only in recent years after the establi-
shment of the beneficial attributes of this relationship. VA mycorr-
hizal associations occur throughout the terrestrial ecosystem. They 
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occur in almost all herbaceous and woody plants (Gerdemann, 1968). 
Trappe and Fogel (1977) observed VA mycorrhiza in about 1000 genera 
of some 200 families; and estimated that about 95% of world's species 
are mycorrhizal. According to Kendrick and Berch (1985) about 90% 
of vascular plants normally establish symbiotic relationships with 
VAM fungi. 
VAM fungi have a long history as these are known to be exi-
sted since the Devonian period. Kidston and Lang (1921) observed 
well preserved fungal structures in the fossils of Denonian plants 
although the structures are not exactly like those that can be 
seen today in modern plant roots. 
Andrews and Lenz (1943) observed similar structures in the 
rhizomes of a carboniferous fern. Weiss (1904) described mycorrhiza, 
under the name of 'mycorrhizinium' from roots/rhizomes of carboni-
ferous fossiles and Seward (1988) identified vesicles bearing asep-
tate hyphae in the tissue of Lepidodendron. These structures also 
have been recorded sporadically in the underground parts of Palaeo-
zoic, Mesozoic and Cenozoic plants. Stubblefield et^  aj_., (1987) 
observed well preserved vesicular-arbuscular mycorrhizae with ter-
minal and intercalary swellings comparable to chlamydospores and 
vesicles and also branched structures resembling arbuscules within 
and between the paranchymatous cells of silicified Triassic roots 
from Antartica. 
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VA mycorrhizae are ubiquitous and occur in the plants of 
arctic, temperate and tropical regions (Hayman, 1978). Safir (1987) 
summarized their role in humid tropical ecosystems, grasslands, 
shrublands, field crop systems and horticultural systems. Most of 
the plants of arid and semi arid rangelands of world are VA mycorr-
hizal (Trappe, 1981; Miller, 1987). The VA mycorrhizal associations 
are found to occur with most of the plants of all three main tropical 
regions of the world, i.e., Asia, Africa and neotropics (Janos, 1983, 
1987), However, plants of disturbed sites are often found nonmycorr-
hizal due to reduction in number of mycorrhizal propagules (Reeves 
e^al., 1979). 
VA mycorrhizae are associated with hundreds of thousands 
of plant species belonging to the bryophytes, pteridophytes, gymno-
sperms and angiosperms. Stahl (1949) described these endophytes amongst 
thallose liverworts. Burgeff (1938) pointed out that VA mycorrhizal 
infections were of general occurrence in this group. According to 
Boullard (1957), this type of symbiosis is of common occurrence in 
pteridophytes except few families. Hepden (1960) investigated VAM 
endophytes in numerous pteridophytes. Khalid and Iqbal (1991) also 
reported VA mycorrhiza of some lycopods. This endomycorrhizae with 
aseptate mycelia are often found in the conifers. VA mycorrhiza pre-
dominate in the gymnosperm families except the Pinaceae which is 
largely ectomycorrhizic. But they are also reported to occur in Pina-
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ceae, together with ectomycorrhiza in 2% of the species examined 
by Newman and Reddell (1987). Prat (1926) described both intercalary 
and terminal vesicles, coils as well as arbuscules and aseptate 
hyphae swellings like appressoria in the lateral roots of Taxus 
baccata. Konoe (1957) also described the similar localization 
of infection in roots of several members of the Taxodiaceae, spe-
cialy in Metasequoia. VA mycorrhizal association has also been 
described in Acer (Kessler, 1966). 
In angiosperms, VA mycorrhizae are widespread and found 
associated with most of the plants except plants of those families 
which are predominantly ectomycorrhizal. Harley and Harley (1987) 
made a check list of mycorrhiza in British flora, in which predo-
minance of VA mycorrhiza can be seen among all species of plants. 
According to Kendrick and Berch (1985), the most logical way of 
discussing their host range is to list the groups of plants that 
do not normally have VA mycorrhiza. 
Gerdemann in an early list in 1968 named 14 families as 
"possibly non-mycorrhizal or rarely mycorrhizal". But Newman and 
Reddell (1987) in their studies, reported that VA mycorrhiza are 
found in at least 6 among 14 families listed by Gerdemann (1968) . 
They also stated that only one family, Dipterocarpaceae, has never 
been recorded as forming VAM. Previously Brassicaceae was among 
those families considered largely nonmycorrhial but Glenn et a1., 
(1985) observed VAM fungus in txxits of Brassica cultivars. 
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The taxonomy of the VA mycorrhizal fungi is still in a 
state of active ferment. Thirty species of VAM fungi were described 
by Gerdeman and Trappe (1974). Trappe (1982) had given description 
of seventy eight species. The number of described species has 
crossed 126 (Morton, 1988). They are all grouped in a single family, 
the Endogonaceae of class Zygomycetes. Benianino Peyronel (1923) 
was the first to recognize that the vesicular arbuscular mycorrhizal 
fungi were members of Endogonales. Pirozynski and Malloch (1975) 
challenged the position of VAM fungi in Zygomycetes and suggested 
that these fungi might be members of Oomycetes. Investigations 
of wall chemistry of VAM fungus, by Weijman and Meuzelaar (1979) 
found non-chitinous glucans, characteristic of wall constituents 
of Oomycetes were absent from the walls of Endogonaceae. 
The classification of VAM fungi in modern terms was done 
for the first time by Gerdemann and Trappe (1974). They included 
seven genera in the family Endogonaceae: Acaulospora, Endogone, 
Gigaspora, Glaziella, Glomus, Modicella and Sclerocystes. 
Ames and Schneider (1979) added a genus Entrophospora, 
and in 1986 another genus Scutellospora was added to the Endogona-
ceae by Walker and Sanders (1986). Meanwhile two genera, Glaziella 
and Modicella were transferred to Mortierellaceae (Zygomycetes) 
by Trappe and Schenck (1982) and Glaziella was transferred to 
Ascomycetes by Gibson e_t^  £l_., (1986). 
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Morton (1988) recognised six genera of VAM fungi : Acaulo-
spora, Entrophospora, Gigaspora, Glomus, Sclerocystis and Scutel1o-
spora. Morton and Benny (1990) in their revised classification, 
proposed a new order : Glomales which included all those soil 
fungi that formed arbuscules. The order glomales was divided into 
2 sub-orders and three families with 2 genera each. 
Vesicular-arbuscular mycorrhizal fungi does not cause macro-
scopic changes in the roots they inhabit, and remain undetectable 
by naked eye. For detection of these mycorrhiza, various root 
clearing and staining methods and histochemical techniques for 
light microscopy were described by Bevege (1968), Phillips and 
Hayman (1970), Kormanik et_ jal_., (1980), King et^  _al_., (1981), Nemec 
(1981), Brundrett, et_. aj^., (1984), Koske and Gemma (1989), Fiske 
jet jj[., (1989). Techniques for ultrastructural studies were descri-
bed by Cox and Sanders (1974), Kinden and Brown (1975), Carling 
et^  aj_. (1977), Holley and Peterson (1979), Scannerini and Bonfante-
Fasolo (1979). 
The VA mycorrhiza produce two phase mycelial structures 
(Nicolson, 1967), an external mycelium in the soil and an internal 
mycelium within the cortex of a mycorrhizal root. The mycelial 
system produce various characteristic structures in the soil and 
host and form the basis of identification. The external mycelium 
is dimorphic and consists of: thick walled aseptate, coarse hyphae 
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which comprised major portion of the mycelial phase; and thin 
walled, fine, highly branched, lateral hyphae, become septate 
at maturity (Mosse, 1959; Nicolson, 1959). The external mycelium 
Produces different kinds of structures in the soil; chlamydospores 
either singly or in sporocarps (Glomus. Sderocystes), azyygospores 
and soil-borne vesicles (Gigaspora) as noted by Gerdemann and 
Trappe (1974), Hall and Fish (1979), and Nicolson and Schenck 
(1979). 
The hypha germinating from the sporocarps, chlamydospores, 
azygospores becomes the source of infection of host roots. But 
before penetration of root epidermis, an appressorium is formed. 
After penetration of the epidermis, hypha grow inter-and intra-
cellularly through the cortex, extending the infection longitudi-
nally in the root and also penetrating to the inner cortex. Descri-
ptions and illustrations on this internal mycelium were made by 
Janes (1897). In characteristic features of VAM infection, arbus-
cules are formed in the inner cortex as lateral branches on inter-
cellular hyphae. This dichotomously branched arbuscule is the 
functional unit of mycorrhiza. Except the species of Gigaspora. 
all VAM fungi produce vesicles on inter-or intracellular hyphae. 
The vesicles develop later than arbuscules and considered as storage 
organs as they contain large number of lipid droplets. 
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The uninfected portions of root system get their initial 
infection from spores/sporocarps in soil or from extramatrical 
hyphae of a nearby mycorrhizal root. Nasim and Iqbal (1992) reported 
that almost all VAM fungi form propagules in soil under favourable 
conditions. The propagules germinate when establish contact with 
host plants and cause infection. In most of the studies on infection 
process, spores or infected root segments are used as inoculum. 
Investigations have shown that spores of VAM fungi could germinate 
on agar medium as well as slides buried on soil (Mosse and Hepper, 
1975; Mosse and Phillips, 1971; Hepper, 1981; Powel, 1976). Hepper 
and Mosse (1975) found that percentage spore germination on slides 
buried in unsterile soil was similar to that of spores germinated 
axenically on water agar. 
Bevege and Bowen (1975) in their experiments observed spore 
germination in association with clover and onion roots. They found 
that white reticulate spores associated with clover germinated 
at 4th day whereas Endogone mosseae and E_. araucareae germinated 
at 14th day and between 4-14th day respectively; while with onion 
white reticulate spores germinated at 7th day and spores of IE. 
auraucareae and E_. mosseae between 4th-8th day. 
Tommerup (1983a) found that newly formed spores were unable 
to germinate. Dormancy period for Glomus caledonium and ^. mono-
sporum was 6 weeks whereas it was 12 weeks for Gigaspora calospora 
22 
in case of wet soil. In dry soil this period was reduced by 1 
week for Glomus spp. and by 6 week for G_. calospora. The spores 
of Acaulospora laevis, showed dormancy period of six months under 
all conditions. Tommerup (1983b) observed that different species 
had different temperature maxima for spore germination, and the 
rate of spore germination as well as of hyphal extensions was 
decreased at temperatures close to the maximum limits. Sheikh 
and Sanders (1988) also showed the effect of temperature on germina-
tion on VAM spores and infection on roots in an experiment with 
£. caledonium. 
Quiescent spores of VAM fungi can germinate in some natural 
soils (Daniels and Trappe, 1980; Koske, 1981; Sylvia and Schenck, 
1983; Tommerup, 1984a; Wilson, 1984) but not in others (Mosse 
1959; Tommerup, 1983a). Tommerup (1985) observed that j_n^  situ 
germination of quiescent spores of Glomus caledonium, Gigaspora 
calaspora and Acaulospora laevis was prevented in soils under 
crops or pastures and pot cultures of the fungi. But prevention 
of germination was not a characteristic of all natural soils, 
since fallow agricultural soil was conducive for germination. 
Le Tacon (1983) found that spore germination of 6^ . mosseae 
was prevented by low oxygen and high carbon dioxide concentrations. 
The inhibitory effect on germination was observed to be reversible 
whereas mycelial growth was permanently damaged. Tilak et al. 
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(1990) observed enhancement of VAM spore germination by non-symbio-
tic nitrogen fixers in their experiment with bacterial cell free 
extracts and Glomus fasciculatum. 
When spores are source of infection, germination followed 
by the growth of one or more germ tubes resulted in simple mycelium 
of few centimeters. If susceptible roots are present, the increased 
growth is observed. Mosse and Hepper (1975) and Powell (1976) 
showed that inspite of this increased mycelial growth in the pre-
sence of roots, hyphae may not appear to make directional growth 
towards roots if they are not close to them. But Koske (1982) 
observed a reaction of germ tubes which were present at a distance 
of 11 mm from roots. 
Becard et^  a^. (1989) and Gianinazzi-Pearson et_ ^ . (1990) 
suggested that there may be an exchange of signals between the 
cell walls of host and fungus because spore germination and hyphal 
growth are greatly stimulated in the presence of plant roots. 
After spore germination the main hypha of about 20-30 um 
diam. give rise to fan shaped complex of septate lateral branches 
of 2-7 um diam. and these lateral, narrow hyphae cause infection 
on the root. The development of these 'pre-infection fans' vary 
with the source of inoculum. If the hyphae are from germinated 
spore, they show directional growth and fan production of greater 
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extent, whereas if the infection occurs from infected root seg-
ments, the pre-infection branching is limited or even absent. 
Other than spores, infection can also take place from hyphae grow-
ing out from living infected roots; hyphae freshly detached from 
roots (Johnson, 1977; Hepper, 1981) ; infected roots severed from 
their parent plant as they have attached spores and hyphae; and 
vegetative hyphae present in dead or sensecent roots (Dowding, 
1959; Tommerup and Abbott, 1981). Even resting structures, i.e., 
vesicles may also persist in dead roots and later germinate like 
external scores. 
The earliest studies of the infection process by Nicolson 
(1959) showed that grass roots can become infected from thick 
or thin-walled hyphae where hyphae finally make contact with epider-
mal cells or root hairs, and produce appressoria from which infect-
ion pegs arise followed by the penetration of epidermis or root 
hair cells. Gianinazzi (1991) suggested that formation of this 
more or less well defined appressoria indicates occurrence of 
some kind of recognition phenomenon at early stage in VAM formation. 
Formation of appressorium on the root epidermis is rapidly 
followed by the penetration of the epidermal and cortical cells 
by hyphal. Mosse (1962) suggested that penetration of root by 
the presence of pectinases, is possible only if initial infection 
occur in young plants before the deposition of wall. Kinden and 
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Brown (1975b) after observing changes in the middle lamella which 
took place after colonization by hyphae suggested that fungal 
enzymes may be involved. Similar conclusions are also given by 
Gianinazzi-Pearson et jj_. (1981) and Jacquelinet-Jeanmougin et 
al. (1988). Cox and Sanders (1979) observed bulging of cortical 
cell walls around the pushing hypha. The bulging wall becomes 
much thinner by the pressure exerted by growing hypha. This does 
not show whether enzymatic activity is involved but it seems that 
hypha can generate hydrolytic activity. Kaspari (1975) also sugges-
ted that enzymes are presumably involved in the penetration process. 
Holley and Peterson (1979) described a peg like projection 
of the hyphae which caused invagination of host cell wall and 
also of plasmalemma. The stretched host wall was found to retain 
its staining properties and thus the penetration was suggested 
non-enzymatic. Harley and Smith (1989) observed penetration of 
tissues by VAM fungi and concluded that penetration does not seem 
to depend on active hydrolytic enzymes produced by fungal hyphae. 
Aft-vr getting entry in the root, the fungal hypha starts 
spreading and branching inter-and intracellularly in the cortical 
region. The extracellular hyphae within the tissues with a typical 
hyphal structure consists of peripheral cytoplasm, mitochondria, 
nuclei, vacoule and other organells. The cytoplasm also contain 
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lipid materials which also occur in vacuoles in the form of dense 
granules of polyphosphates. Macdonald and Chandler (1981) and 
Macdonald £l a_l_. (1982) observed bacteria like organells in hyphae 
of Glomus caledonius which often separated from the cytoplasm 
by a granuler zone and plasmalemma. The hyphal walls are described 
single layered in Glomus mosseae but bilayered in G^ . tenuis by 
Gianinazzi-Pearson et^  ll- (1981). Holley and Peterson (1979) also 
described bilayered extramatrical hyphae of Glomus species but 
the hyphae within the Phaseolus tissues had a single wall layer. 
Scannerini (1975) gave similar discriptions. Balesterini et^  aj_. 
(1992) in his recent studies observed preinfective mycelium and 
intraradical hyphae of young infection units consist of thin walls 
with fine radiating fibrils, cytoplasm with many mitochondria, 
well-developed membrane systems and also small vacuoles. Hyphae 
are multinucleate with well formed nucleus, bounded by a regular 
double layered envelop with distinct nucleolus. The numerous nuclei 
with granular chromatin were found to be present in both inter-
cellular and arbuscular hphae (Balestrini ^_al_., 1992). The archi-
tectural structure, composition and molecular organization of 
hyphal walls are also changed in addition to gross morphology 
of the VAM fungi after penetration when they develop in host tissues 
(Gianinazzi, 1991). 
Nuclear architecture of G^ . versiformi and 6^ . mosseae hyphae 
was examined by Balestrini et al. (1992a) by sampling at different 
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time during the life cycle of fungus. They observed chromocentric 
nucleus with dispersed chromatin and well developed nucleolus 
in young and active hyphae whereas in aging hyphae and collapsing 
arbuscule, the nucleus becomes pyknotic with condensed chromatin 
patches and blebs in envelop and conspicuous spaces also formed 
between nuclear envelop and nucleoplasm. 
The fungal spread within the outer cortex is restricted 
to some extent to facilitate the growth and differentiation of 
fungal hyphae in the middle cortex. Holley and Peterson (1979) 
and many others found that apical meristem remains uninfected. 
But its immunity to infection is in doubt. Also the VAM fungus 
does not colonise the root nodules of leguminous plants whereas 
the nitrogen fixing nodules in the non-leguminous plants are colo-
nized (Rose and Youngberg, 1981). 
In the outermost cortical cells, the fungus may form hyphal 
coils or it may traverse the deeper layer of cells. In the inner 
cortex the fungal hyphae differentiated to produce its characteri-
stic structures : arburcules and vesicles. The arbuscules are 
surrounded by host plasmalemma, formed by specialized branches 
of fungal hypha which enter the cortical cells. The arbuscules 
differentiation may be related to modifications in fungal wall 
metabolism, which are controlled by host plant (Bonfante-Fasolo, 
1988). Arbuscule formation does not occur in non-host plants where 
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infection is restricted to intercellular hyphae (Glenn et_ a}^. 
1985; Gianinazzi-Pearson and Gianinnazi, 1988). Gianinazzi-Pearson 
and Gianinazzi (1988) confirmed that importance of host plant 
for arbuscule development by their grafting experiments. Develop-
ment of arbuscule is accompanied by an increase in host plasmalemma 
to a large extent (between 6-12 times: Cox and Tinker, 1976; 
Alexander et^^., 1988). This increased plasmalemma forms a peri-
symbiotic membrane that surrounds all the branches of developing 
arbuscule. The wall material deposited by host cell wall against 
penetrating fungus diminishes soon in the interfacial matrix around 
the arbuscular branches resulting in much reduced apoplast, between 
fungal and host plasmalemma (Dexheimer et^  aij_., 1979). During the 
arbuscule development, the central vacuoles of host cells decrease 
in size whereas volume of host cytoplasm increases between 3 and 
20 times (Cox and Tinker, 1976; Toth and Miller, 1984; Alexander 
et^^., 1988). These changes are accompanied by the proliferation 
of host organelles and hypertrophy of their nuclei. The hyper-
trophied nuclei become lobed without changing their ploidy (Berta 
£t aj_., 1986; Blair et_ _al_., 1988). Blaestrini et^  aj_. (1992) in 
their recent studies concluded that VAM fungi in their arbuscular 
phase induce the plant nucleus to migrate towards the centre of 
a cortical cell, causing a dramatic cell reorganization. The matrix 
between the host plasmalemma and the arbuscule is the main inter-
face between the symbionts and the various names given to it are: 
Matrix, extra-haustorial matrix, interfacial matrix, electron-
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lucent zone, sheath, layered zone, etc. by various workers. However, 
each arbuscule represents a terminal structure of fungal develop-
ment which dies after few days of endocellular life, encased in 
host cell was material (Alexander et^ a_l_., 1988). The functional 
period of individual arbuscule varies among species but usually 
ranges 4-15 days (Carling and Brown, 1982) 2-15 days (Harley and 
Smith, 1983). After this time the retraction septa formed in the 
arbuscule as the cytoplasm of fine branches is drawn back, pro-
gressing towards the main trunk (Kaspari, 1975). The fine branches 
and then main trunk collapse and fungal remains disappear after 
some time, and cytoplasm of the root cell eventually returns to 
normal (Jacquelinet-Jeanmougin et jj_., 1988). The host cell can 
become reinfected with another arbuscule. The death of an arbuscule 
does not affect the development of residual mycelium which conti-
nues to grow and form arbuscules in other paranchyma cells (Giani-
nazzi, 1991). The molecular basis of events leading to arbuscular 
basis of events leading to arbuscule senescence is not known. 
The process of degeneration of the arbuscules has been 
termed both "digestion" and "lysis". The term "digestion" has been 
applied due to host activity resulting in transfer of nutrients 
from the fungus to root. But it is not clear that either host enzy-
mes are responsible for the collapse of arbuscules or nutrient 
transfer occurs as result. 
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There may be active digestion of the arbuscule, i.e., phagocy-
tosis, by the cell of the host (Scannerini ^ _aj_., 1975; Harley and 
Smith, 1983). But only arbuscular contents were absorbed and not 
their encapsulated wall and membrane materials (Cox and Tinker, 1976). 
The other view of arbuscule degeneration is the manifestation of 
host defence reaction against pathogenic fungus. The activity of 
a mycorrhiza specific phosphatase enzyme was found increased after 
progressive infection by Glomus mosseae which declined with aging 
of infection and thus is suggested to be involved in the fungal dege-
neration (Gianinazzi-Pearson and Gianinazzi, 1978; Dexheimer et a1., 
1979; Gianinazzi, 1991). 
The fungus also produces characteristic vesicles in or between 
the root cells. The vesicles, which develop later than arbuscules 
in the process of infection, are terminal swellings on inter-or intra-
cellular hyphae in the middle or outer cortex. These are thin walled-
expanded structures, not delimited by a septum and contain large 
amount of lipids. Kendrick and Berch (1985) observed upto 500 vesicles 
cm of root in leek and this was found to occur when the root zone 
is no longer actively involved in the absorption as in the earlier 
stages of the infection. Vesicles are certainly storage structures, 
may be involved in temporary storage of modified photosynthates recei-
ved from plants. But these organs are not formed by the species of 
Gigaspora and due to this. Daft and Nicolson (1974), Morton (1990a, 
1990b) refer the VAM as "arbuscular mycorrhiza". 
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Despite of all these hyphal modifications inside the root, 
i.e., the intramatrical phase, fungus also has an extramatrical phase. 
The extramatrical hyphae grow extensively along the root surface 
and initiate secondary infection units after the establishment of 
primary infection. They also grow in the surrounding soil, form a 
network of hyphae and act as an extension of the plant's root system. 
A hyphal network associated with a living plant is capable of infect-
ing others growing in its vicinity (Read, Koucheki & Hodgson, 1976; 
Chiarello, Hickman & Mooney, 1982; Francis and Read, 1984, Francis, 
Finlay and Read, 1986). Evans and Miller (1990) further suggested 
that its infectivity might persist for extended periods in the absence 
of a living symbiont. 
The network of extramatrical hyphae ramifies in the soil and 
explore larger volumes of soil than non-mycorrhizal plants. Rhodes 
and Gerdemann (1975) observed extension of these hyphae upto 8 cm 
from the root and suggested their active participation in transloca-
tion of minerals to the host. Many other workers (Hattingh et a1., 
1973; Pearson and Tinker, 1975; Cooper and Tinker, 1981) also had 
successfully demonstrated their involvement in translocation of mine-
rals. Out of these, uptake of soil phosphorus is mainly affected 
which is improved by the extramatrical hyphae as they increase the 
root absorptive-surface area (Hayman, 1983). Safir jet^  jj_. (1971) 
suggested that extramatrical hyphae may perform a similar function 
in water uptake. Hardie (1985) also tried to explain the importance 
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of extramatrical hyphae in water uptake by his experiment on clover 
and leek with Glomus mosseae. 
The extramatrical hyphae produce large, rounded presumably 
asexual spores on their terminal branches. The extramatrical spores 
are found singly or in aggregations up to 1 cm in diam., i.e., sporo-
carps. Rarely they are found in roots and sometimes in relatively 
protected spaces. These spores have variable size, colour, shapes 
and wall structures and filled with storage lipids. 
Vesicular-arbuscular mycorrhizal fungi play a vital role in 
the mineral nutrition of a host plant by their extensive hyphal rami-
fication in the soil (Trappe, 1981). It has been established by various 
workers that VA mycorrhiza improve the uptake of relatively immobile 
elements such as potassium, copper, zinc and especially phosphorus 
(Gerdemann, 1968; Kleinschmidt and Gerdemann, 1972; Mosse, 1973). 
First report came from Mosse in 1957 who clearly demonstrated the 
increased amounts of potassium, iron and copper per unit weight of 
tissue in mycorrhizal fungi. Gerdemann (1964), Daft and Nicolson 
(1966) and Baylis (1967) established that tissue concentrations of 
phosphate were higher in mycorrhizal plants. VAM fungi are proved 
beneficial in infertile soils or where such elements are less avail-
able or deficient by increasing the efficiency of mineral uptake. 
Phosphate is required in relatively large amounts by plants 
and it is frequently found in very low concentrations in the soil 
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solution. Moreover, inorganic phosphate ions in soil occur in form 
of relatively immobile forms as iron and aluminium phosphates and 
in addition a large proportion of total inorganic phosphorus is nor-
mally in insoluble form not readily available to plants. Due to its 
low mobility in soils, a depletion zone of P evolves in the rhizo-
sphere of roots (Jungk and Claassen, 1989; Nye and Tinker, 1977). 
There are many evidences that mycorrhiza? plants are more efficient 
in phosphorus absorption. 
Sanders and Tinker (1973) showed that inflow of phosphorus 
into mycorrhizal onion roots was 3-4 times more than that of uninfe-
cted roots. Hattingh, ^t^ ^ . (1973), Cooper and Tinker (1978), Gnekow 
and Marschner (1989) and Jungk and Claassen (1989) also recorded 
some results that phosphorus uptake is enhanced by VA mycorrhizal 
roots and suggested that external hyphae of VAM fungi can take up 
P from soil at considerable distance from the root and translocate 
it to host plant. Plants growing in low P soil are showed to have 
improved P nutrition when they are mycorrhizal (Smith and Gianinazzi-
Pearson, 1988). 
Absorption of phosphate by mycorrhizal fungi is followed by 
the synthesis of inorganic polyphosphate in the fungal vacoules and 
then this polyphosphate is translocated to the plant (Cox and Tinker, 
1976; Callow et^  ^ ., 1978 and Cox e^ aj_., 1980). Gianinazzi-Pearson 
and Gianinazzi (1989) suggested that the formation of polyphosphates 
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in the hyphae may facilitate rapid translocation of P in the hyphae 
to host plant and thus supporting continuous influx of inorganic 
P from the external solutions. 
In addition to their role in phosphate assimilation, VAM fungi 
also have been reported to play an important role in nitrogen transfer 
to and from plants (Raven ^ ^., 1978). There is no evidence that 
mycorrhizal fungi or any other fungi can fix atmospheric nitrogen. 
In mycorrhizal plants where increased concentrations of nitrogen 
have been recorded, they must result from increased uptake from t'he 
soil. Ho and Trappe (1975) observed nitrate reduction to nitrite 
by isolated spores of Glomus mosseae and G^ . macrocarpus. Raven et^  
al. (1978) reported that VAM fungi assimilate and transport both, 
ammonium ions and some organic nitrogen compounds to their host plants, 
particularly under conditions of low pH and low N availability. Direct 
transfer of N via hyphal connections between roots of closely associa-
ted plants was suggested by Haystead et_ af[. (1988) after a field 
experiment with ryegrass and clover by using labelled nitrogen ( 
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N ) . Direct N transfer via hyphal connections has also been demon-
strated in several greenhouse experiments (Ames^£l_., 1983; Francis 
et^  a_l_. 1986; Van Kessel et^  ^ . , 1985). VAM fungi involved in legumi-
nous plants transfer fixed nitrogen from legumes to nonlegumes and 
also stimulate N fixation by increasing phosphate uptake (Smith and 
Daft, 1977; Barea et_ i]_., 1989). In most of the cases, improved nodul-
ation and nitrogen fixation in mycorrhizal plants, is the result 
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of relief from phosphate stress, which in turn results in general 
improvement in growth and also indirect effects on the Np fixing 
system. 
Two micronutrients, i.e., zinc and copper also have been shown 
to be present in higher concentrations in mycorrhizal plants (Bowen 
£t^a_[., 1974; Cooper and Tinker, 1978; Lambert £ t ^ . , 1979; Pacovsky, 
1986, Pacovsky £t £}_., 1986a, 1986b; Smith and Roncadori, 1986; Stri-
bley, 1987; Janos, 1987; Barea, 1991). Translocation of sulphur and 
calcium has been investigated by Rhodes and Gerdemann (1975, 1978a, 
1978b), but translocation of calcium appears to be less efficient 
than translocation of phosphorus. Possingham and Groot-Obbink (1971) 
observed higher concentrations of potassium ion (K+) in the shoots 
of mycorrhizal vine plants grown on Hoagland's solution than non-
mycorrhizal plants. Similar results were obtained by Holevas (1966) 
with strawberry; by Mosse (1957) with apples; and by Vanderploeg 
(1974) with Lilium. 
Moreover, VAM also decrease the acquisition of certain elements 
by the plants when they are present in excess, nearly toxic in the 
soil as in the case with heavy metals in polluted environments (Mosse, 
1986) or with Mn in acid soils (Arines and Vilarino, 1989; Arines 
et al. 1989J. Reduced Mn and Fe uptake has also been reported by 
Pacovsky, (1986) and Pacovsky et^  ^ . (1986a, 1986b). Raju et^  ail_. 
(1990) also noted reduced iron uptake in sorghum. Azcon and Barea 
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(1992) reported that Ca acquisition is decreased by mycorrhizal plants 
in calcareous soils. They also reported decreased Mg uptake by mycorr-
hizal plants than non-mycorrhizal in some of the soils. Azcon et_ 
a1. (1991) observed the buffering effect of VAM in presence of nutrient 
(Ca and Mg) excess in a calcareous soil. 
VA mycorrhizae also have been shown to increase water utake, 
and/or alter the physiology to reduce stress response to drought 
(Saffir et^£l_., 1971; Levy and Krikum, 1980; Safir and Nelsen, 1985). 
Mosse and Hayman (1971) also observed wilting in nonmycorrhizal onion 
plants when transplanted whereas mycorrhizal plants did not wilt. 
Safir et_ aj_. (1971, 1972) found that mycorrhizal plants had lower 
resistances to water transport than uninfected plants. Levy and 
Krikun (1980) observed that major effect of mycorrhizal infection 
was an increase in transpirational flux, stomatal conductance, both 
during stress and recovery, and an increased rate of photosynthesis 
per unit leaf area during recovery, in their experiment with Citrus 
jambhiri and a VAM fungus. Allen ^ al. (1981) and Allen (1982) also 
got similar results with Bouteloua gracilis and Glomus fasciculatus. 
Hardie and Leyton (1981) and Allen et_ aj_. (1981) observed that mycorr-
hizal plants generated lower leaf water potentials in the case of 
low soil water potential. Hardie and Leyton (1981) also observed 
that mycorrhizal clover plants wilted at lower soil water potentials 
than non-mycorrhizal, but they recovered faster on rewitting. 
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In natural environment mycorrhizal plants are normally heal-
thier and grow more vigorously than non-mycorrhizal plants. Asai 
(1944), in his studies of mycorrhizal infection and nodulation of 
legumes, suggest that improved growth of host may be associated with 
development of vesicular-arbuscular mycorrhizal development. Gerde-
mann (1964) reported enhanced growth and phosphorus uptake of mycorr-
hizal plants. This report was the first recognized beneficial effects 
of VAM fungi on plants. Daft and Nicolson (1966) reported that VA 
mycorrhizal tomato plants have 4.5 times greater dry weight than 
uninoculated control plants. Daft and Nicolson (1966, 1969b, 1972) 
were among the first to demonstrate that development of mycorrhizal 
roots and their effect on plant growth is greater in soils with low 
or imbalanced nutrient status. There are several reports now on im-
proved growth due to VAM infection of various host plants including 
many crop plants and trees (Cooper, 1983; Green et^ &}_., 1983; Huang 
^ al_., 1983; Habte and Aziz, 1985; Chen, 1985; Ramaraj and Shanmugam, 
1986; Kandasamy et_ aj_., 1986; Senapati et_ aj_., 1987; Khan et^  ^ . , 
1988; Hrselova e^£l_., 1987). 
Chen (1985) observed about 31-53% increased biomass in Aleuri-
tes montana by inoculating its seedlings with VAM fungi. Ramaraj 
and Shanmugam (1986) also obtained increased growth of some pulses 
by soil or seed inoculation with mycorrhizal fungi. Khan £t^ ^ i* (1988) 
reported that VA mycorrhizal infection greatly improved the growth 
of rice plants and also their nutrient contents. Growth and develop-
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merit of seedlings are also affected by the presence or absence of 
VA mycorrhizal fungi. Kandasamy et_ aji_. (1986) reported increase in 
seedling height, numbers of branches per seedling, roots per seedling, 
root length and dry weight of seedlings due to VAM inoculation. They 
also observed 7-10 days advancement of flowering in inoculated plants, 
when they were transplanted in the field. Similarly, Palipane and 
Bandra (1985), Melichar £t £l_., (1986) and Dixon (1988) also reported 
improved seedling growth due to VAM inoculation. 
The increase in growth of VA mycorrhizal plants is attributed 
to improved mineral nutrition and to some extent to Improved soil 
moisture uptake by the host (Ross and Harper, 1970; Mosse, 1973; 
Fitter, 1977; Kilham, 1985; Allen and Allen, 1986. The mycorrhizal 
growth responses are greatest in phosphate poor soils and soils with 
high phosphate fixing capacity (Gianinazzi-Pearson, 1987). Abbott 
and Robson (1984), Smith and Gianinazzi-Pearson (1988) pointed out 
that improved phosphate uptake is the most frequent and primary cause 
of growth and yield enhancements in VA mycorrhizal plants. And now 
it is almost universally accepted fact that VA mycorrhizal infection 
increase the growth of the host plant, especially when nutrient supply 
is low in the soil. 
VA mycorrhizal fungi have also been found to reduce the effects 
of several pathogens on their hosts. Two main groups of so1l-borne 
pathogens have been studied: fungi and nematodes. In the presence 
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of VAM, a reduction in pathogen population or in the severity of 
disease in the host plant has been demonstrated for both groups. 
According to Harley and Smith (1983) interactions between VAM mycorr-
hizal infections and plant disease are complex and may involve: (a) 
competition for actual sites of infection in the root; (b) changes 
in the nutrition of the host plant; and (c) increase of tolerance 
of the host plant to infection where the mycorrhizal fungi compensate 
for the damage to roots caused by the pathogen. 
Several workers reported the interaction between VAM fungi 
and soil borne fungal plant pathogens (Dehne, 1982; Bagyaraj, 1984; 
SchDsnbeck 1979; Garcia-Garrido and Ocampo, 1987). Dehne (1982) cited 
32 reports, of which disease damage was reduced in 17. He suggested 
that interactions may vary with host and fungal genotype, environ-
mental conditions and the aggressiveness of the pathogen. In many 
experiments, the VA mycorrhizal fungi has no effect on either pathogen 
or disease (Zambolim and Schenck, 1983; Baath and Hayman, 1983; Baath 
and Hayman, 1984; Davis, 1980). Sometimes disease severity was found 
to be increased due to presence of VAM fungi (Davis and Menge, 1979, 
1980, 1981). Perrin (1990) pointed out that the effect of VAM occurs 
only when the mycorrhizal fungi invade the roots before the pathogens, 
whereas in those experiments, where the plants were inoculated simul-
taneously with both the pathogen and VAM fungus, no reduction in 
disease was seen (Rosendahl, 1985; Bartschi et al., 1981). But VAM 
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fungi could be adapted in case of transplanted fields and horticul-
tural crops, where plants with pre-established mycorrhizae could 
be planted (Paulitz, 1991). 
The host root in response to penetration by VAM fungi starts 
increased production of some components which in turn protect the 
root system against the root pathogen (Baltruschat and Schonbeck, 
1975; Dehne and Schonbeck, 1978; Dehne and Schonbeek, 1979; Dehne 
et al., 1978). Dehne and Schonbeck (1979) observed enhanced lignin 
synthesis in tomato root cells due to alteration in phenol metabolism. 
The lignification increased the tolerance of mycorrhizal tomato plants 
to Fusarium Wilt. Dehne et^ a}_. (1978) observed increased chitinase 
activity in mycorrhizal plants, which might be effective against 
fungal pathogens. Higher levels of arginine have been recorded in 
mycorrhizal roots, which inhibit the sporulation of Thielaviopsis 
basicola (Dehne iet^£[., 1978). They proposed that the increase in 
arginine level is due to blockage in the ornithine cycle by the mycor-
rhizal fungus. Mycorrhizal plants produced wound barriers faster 
than nonmycorrhizal plants. Gianinazzi-Pearson et^  2l'> (1981), Giani-
nazzi et^  ail. (1979) and Marx et ^l* (1982) observed many other ultra-
structural and metabolic changes in mycorrhizal roots, any one of 
which might influence pathogen infection. Krishna and Bagyaraj (1983) 
observed an inhibition of grwoth in vitro by Sclerotium rolfsii Curzi 
by concentrations of 0-D phenols that were comparable to those found 
in mycorrhizal roots of peanut plants. Morandi et al. (1984) observed 
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increased concentrations of three isoflavonoids: glyceollin I, coume-
strol, and diadzein in mycorrhizal soybean (Glycine max). The reduct-
ion of disease in mycorrhizal plants is also attributed to increased 
phosphorus nutrition provided by the VAM fungi (Davis and Menge, 
1980; Graham and Menge, 1982; Kaye et ^., 1984; Krishna and Bagyaraj, 
1983; Zambolim and Schenck, 1983, Paulitz and Linderman, 1991). 
They suggested that improved phosphorus uptake might make the plant 
more resistant. Paulitz and Linderman (1991) also speculated that 
increased phosphorus status of the plant led to a decrease in leakage 
of root exudates and reduced pathogen activity. But Dehne et_ a]_. 
(1979) indicated that increased level of phosphorus in mycorrhizal 
plants led to an increase in disease. Grahem and Egel (1988) experi-
mented with sweet orange seedlings, Glomus intraradices and Phyto-
phthora parasitica and concluded that the VAM fungus did not increase 
the resistance or tolerance of sweet orange to Phytophthora root 
rot, unless the VAM fungus increased the phosphorus nutrition of 
plants over the non-mycorrhizal plants. Another possible explanation 
for reduced disease in mycorrhizal plants that mycorrhizae alter 
the microbial populations in the rhizosphere and enhance the popula-
tions of organisms antagonistic to the plant pathogen was suggested 
by Paulitz and Linderman (1991). Perrin (1990) concluded that the 
effect of VAM occurs only when the mycorrhizal fungi invade the roots 
before the pathogens. Bartschi et al. (1981) and Rosendahl (1985) 
42 
reported no reduction in disease when plants were simultaneously 
inoculated with both the pathogen and VAM fungus. 
Some Cymbopogon species have been reported to be associated 
with a number of VAM fungi (Gupta et jij_., 1990; Janardhanan et al., 
1990; Gupta and Janardhanan, 1991; Barthakur and Bordoloi, 1990). 
Gupta et^ a_l_. (1990) found the association of an unidentified species 
of Glomus with palmarosa, £. martinii var. motia. Gupta and Janar-
dhanan (1991) found that C_. martinii var. motia was also associated 
with G^ . aggregatum. Both these VAM fungi showed significant influence 
on the growth and biomass production of palmarosa. In a preliminary 
study, Barthakur and Bordoloi (1990) observed VAM association on 
a number of Cymbopogon species. However, the identity of VAM fungi 
was not established by these workers. In an exciting contribution 
Janardhanan et^  &]_. (1990) reported the isolation and axenic culture 
of G^ . aggregatum associated with C_. martinii var. motia. This intere-
sting discovery is a significant and major breakthrough in mycorr-
hizal research and is of great scientific and economic importance. 
The perusal of the available literature shows that there has 
been only a meagre investigation on the mycorrhizal associations 
of Cymbopogon species. The available information is inadequate and 
further investigations would be interesting and rewarding. 
M A T E R I A L S A N D M E T H O D S 
43 
1.1. Selection of plants for VAM screening 
Five species of Cymbopogon namely, Cymbopogon martinii (Roxb.) 
Wats. (Palmarosa), C^ . flexuosus (Steud.) Wats. (East Indian lemon-
grass), C_. pendulus Nees ex. Steud. (Jammu lemongrass), C_. winteria-
nus Jowitt. (Citronella), C^ . caesius Stapf. (Kachi grass) growing 
in the experimental farm of the Central Institute of Medicinal and 
Aromatic Plants (CIMAP), Lucknow will be selected for the proposed 
investigations. 
1.2. Collection of soil and root samples 
The upper most earth crust around each plant will be examined 
for VAM spores/propagules during the investigation. The upper layer 
of soil, i.e., upto 1-1.5 cm depth will be scrapped and removed. 
The rhizosphere soil along with fine roots will be collected care-
fully without causing damage to the cortical portions of the roots. 
For each plant species, five random samples will be collected 
from the plants growing in the experimental field. Rhizosphere soil 
along with roots will be collected. The root samples will be separated, 
gently washed with water and fixed in formaline-acetic acid-alcohol 
(FAA) or processed fresh. Rhizosphere soil will be air-dried at room 
temperature and stored or used for the extraction of spores. 
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For the studies on seasonal variation of VAM association, 
samples will be collected periodically, i.e., once in a month for 
over a period of one year. 
1.3. Recovery and quantification of VAM propagules from soil 
For the isolation of VAM propagules from soil, wet-sieving 
and decanting method of Gerdemann and Nicolson (1963) will be follcwed. 
The isolation will be carried out as follows: (i) suspension of one 
hundred gram thoroughly mixed rhizosphere soil in 2000 ml beaker, 
followed by thorough stirring, (ii) allowing the heavier particles 
to settle down for few minutes, (iii) pouring the supernatant muddy 
suspension through coarse sieve (610 u) for the removal of large 
soil particles and organic debris, (iv) passing of the suspension 
through another sieve, fine enough to retain even smaller spores, 
(v) repetition of the process after mixing enough water to the remain-
ing material in the beaker, (vi) thorough washing and transferring 
of retaining material on sieve to 100 ml beaker, (vii) total volume 
to be made upto 50 ml. 
The suspension obtained after final sieving will be gently 
stirred to make the homogenous distribution of spores. From this 
homogenous spore suspension, one ml will be pipetted into nematode 
counting slide (Hawksley, UK) for counting the VAM spore under stereo-
scopic microscope. Ten counts will be made from each suspension and 
average of these counts will be calculated to determine the density 
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of spores per unit volume. Finally the number of spores per 100 gram 
dry soil will be estimated. 
Hundred gram soil will also be dried in oven at 80-100°C for 
12-15 h in order to find out the moisture content. The dried sample 
will be cooled and weighed and the moisture content will be calcula-
ted. 
1.4. Processing of root samples and assessment of VAM Colonization 
The roots will be cleared and stained as described by Phillips 
and Hayman (1970). The process will be done as follows: (i) thorough 
washing of roots with tap water and chopping them into 1 cm segments, 
(ii) clearing of root pieces in 10% KOH at 90°C for 30 min and rins-
ing with water, (iii) treatment of roots with 1 N HCl for 8-10 min. 
and rinsing with distilled water, (iv) staining with 0.05% trypan 
blue (in lactophenol), and (v) picking the stained root segments 
and mounting them on slide in lacto-glycerine. 
For the assessment of VAM colonization in the roots, the method 
described by Biermann and Linderman (1982) will be followed. The 
various steps are given as follows: (i) mounting of twenty five to 
fifty stained root pieces of 0.5 to 1.0 cm length on the slide; (ii) 
observation under a compound microscope (at 10 x 10) with an ocular 
micrometer attached into eyepiece; (iii) estimation of the portion 
of length of root segment showing the presence of vesicles, arbuscules 
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and hyphae of the fungus as nearest to ^%. The data will be recorded 
as frequency distributions of VAM fungi on the root sample. From 
the above observation the percentage of root colonization by VAM 
fungi will be determined. 
1.5. Identification of VAM propagules 
A drop of spore suspension obtained after sieving will be 
observed under a stereoscopic microscope. The spore will be picked 
up the help of fine wooden pick and transferred to lactophenol (lactic 
acid:glycerine:phenol:water = 1:2:1:1) on a slide. At least 25-50 
spores with identical morphology will be mounted and observed under 
a compound microscope. The spore colour, shape, size, wall thickness, 
number of walls, length and width of subtending hypha, pattern of 
attachment of subtending hypha to the spores, etc. will be recorded 
separately. The diamensions will be measured by ocular micrometer 
attached to the eyepiece of microscope. The morphological characters 
of the spores will be compared with the key (Hall and Fish, 1971) 
and finally with the 'Manual for the identification of VA mycorrhizal 
fungi' (Schenck and Perez, 1988). Some spores from the sample of 
each plant will be mounted and maintained as permanent specimens. 
2.1. Maintenance of host plant for developing monospore culture 
of Glomus aggregatum, G. fasciculatuni and G. mosseae 
Two plants, palmarosa (Cymbopogon martinii var. motia) and 
Rhodes grass (Chloris gyana) will be used for developing monospore 
47 
culture of the VAM fungi because of their susceptibility to VAM infe-
ction and multiplication of the VAM fungi as observed in preliminary 
studies. 
The seeds of these plants will be surface sterilized with 
0.01% HgClp solution for 90-120 seconds, washed thoroughly three to 
four times with sterilized distilled water to remove any traces of 
mercuric chloride. The surface sterilized seeds will be sown in 10 
cm diam. pots filled with garden soil and autoclaved at 121°C for 
one hour. Irrigation will be done with sterilized distilled water. 
After germination, one or two seedlings will be transferred to each 
clay pot of 10 cm diam filled with garden soil and autoclaved at 
121°C. These pots also will be irrigated with sterilized distilled 
water. 
2.2. Isolation of VAM spores and inoculation of host-plants 
The VAM spores will be extracted from rhizosphere soil by wet-
sieving and decanting. The spores will be picked from the sieved 
suspension. 
The isolated spores will be transferred into filter paper 
cones. For making the cones, steam sterilized filter paper circles 
of approx. 2 inch diam. will be used. A solution of 2% chloramine-
T and 0.02% streptomycin sulphate will be poured drop by drop, over 
the spores for 20 minutes (Hepper and Mosse, 1980) for surface steri-
48 
lization. The spores will be washed thoroughly by dropping sterilized 
distilled water into the cones. 
For inoculation of the host plants, small amount of soil from 
the root zone of established seedlings will be removed and a small 
pit will be made there. Then the surface sterilized spores will be 
transferred from cones to the pits. The pits will then be covered 
with soil. The inoculated plants will be irrigated with sterilized 
tap water whenever required. 
2.3. Multiplication of VAM fungi 
After five to six weeks of inoculation, rhizosphere soil and 
root pieces will be collected from each pot for examination for VAM 
colonization. The plants showing infection on their roots and spores 
in their rhizosphere soil will be separated from other pots. Then 
the seedlings from these pots along with rhizosphere soil and root 
system will be transferred to sterilized soil in 25 cm diam. pots. 
These pots will also be irrigated with modified Hoagland's 
medium (in sterilized tap water) without phosphorus supplementation 
at time interval of 35-40 days as this will facilitate better growth 
of the VAM fungus in the pot culture. Normally, the pots will be 
irrigated with sterilized tap water, as and when required. 
To keep all the monospore cultures pure and to avoid contamina-
tion by insects, fungal and bacterial pathogens, rodents and also 
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other VAM fungi, all general glasshouse sanitation practices will 
be followed. 
3.1. Selection of test materials 
Three Cymbopogon species, viz., Palmarosa (C_. martinii (Roxb.) 
Wats.), East Indian lemongrass (C_. f lexuosus (Steud.) Wats.) and 
Citronella (£. winterianus Jowitt) will be selected for the evalua-
tion of the effect of VAM colonization as these species have the 
greatest economic value due to their commercial importance. These 
three species will be used as test plants. 
In the proposed study. Glomus aggregatum Schenck and Smith 
emend Koske, 6^. fasciculatum (Thaxter) Gerdemann and Trappe emend 
Walker and Koske, and £. mosseae (Nicol. and Gerd.) Gerdemann and Trappe 
will be selected as VA mycorrhizal fungi. These VAM fungi will be 
used for inoculating the test plants. 
3.2. Preparation of soil 
Garden soil fran the CIMAP experimental farm will be collected 
and used for experiments. Then the soil will be thoroughly mixed 
with farm yard manure (FYM) in the ratio of 3:1. Twentyfive cm diam. 
clay pots will be filled with this soil manure mixture. These pots 
will be autoclaved at 121°C for 2 h. 
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3.3. Preparation for plant propagating material 
Slips of C_. martinii, C_. f lexuosus and £. winterianus will 
be collected from single clones of these plants growing in CIMAP 
farm. After thorough washing all the roots will be removed. Then 
the lower portions of the slips will be dipped in 50% alcohol for 
30 seconds and washed with sterilized water 3-4 times. The slips 
will again be surfaced sterilized by sodium hypochlorite {1% available 
chloride). 
3.4. Preparation of inoculum 
The monospore cultures of G^ . aggregatum, £. fasciculatum and 
£. mosseae (which will be maintained in pots with palmarosa under 
glasshouse conditions) will be used for inoculation. The soil and 
VAM colonized roots will be thoroughly mixed. The soil containing 
VAM spores, extramatrical hyphae and infected root segments will 
be used as inoculum. 
3.5. Inoculation schedule 
Inoculation of the soil will be done prior to the planting 
of slips according to the following schedule: 
G^ . aggregatum x £. martinii 
G^ . aggregatum x £. flexuosus 
G_. aggregatum x £. winterianus 
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G. rasciculatum X C. martinii 
G. 
G. 
G. 
G.-
i-
G. 
G. 
i-
G. 
G, 
G. 
G. 
G. 
1-
fasciculatum 
fasciculatum 
mosseae 
mosseae 
mosseae 
aggregatum 
+ 
fasciculatum 
+ 
mosseae 
aggregatum 
+ 
rasciculatum 
+ 
mosseae 
aggregatum 
+ 
fasciculatum 
+ 
mosseae 
X 
X 
X 
X 
X 
£• 
C. 
flexuosus 
winterianus 
martinii 
flexuosus 
winterianus 
X C. martinii 
x C. flexuosus 
X C. winterianus 
Uninoculated 
Uninoculated 
Uninoculated 
£. martinii 
£. flexuosus 
C. winterianus 
There will be five replicates of each treatment, 
52 
3.6. Planting of test plants 
Twentyfive cm pots filled with garden soil will be steam 
sterilized at 121°C for 2 h. The pots will be inoculated with each 
of the VAM fungus separately. Firstly, a furrow of about 10 cm 
will be made in the soil in the centre of each pot by removing 
some soil. Then the VAM inoculum of required fungus according to 
schedule, will be spread in these furrows. After placing the ino-
culum, su'^face sterilized slips of the plant species will be planted 
in the furrow over the inoculum in each pot. The pots will be kept 
in glasshouse and irrigated with tap water as and when required. 
3.7. Recording of data 
Initial readings will be taken after three months of planta-
tion according to following parameters: 
1. Plant height; 
2. Shoot fresh weight (shoot biomass); 
3. VAM colonization {% root infection); and 
4. VAM population. 
After recording the data, plants will be trimmed at a height of 
10-15 cm above the soil level. 
Final readings will be recorded at termination of the experi-
ment after 12 months when the plants will be in their full growth. 
The following parameters will be considered at the time 
of termination of the experiment: 
53 
1. Plant height 
2. Shoot fresh weight (shoot biomass) 
3. VAM colonization, i.e., % of root infection 
4. VAM population in rhizosphere 
5. Total oil content 
6. Percent of principle constituent of oil 
7. Total N,P,K, Cu and Zn available in soil 
8. Total N,P,K, Cu and Zn in plants. 
4. Estimation of essential oil content 
Geraniol, citral and citronellal contents of £. martinii (pal-
marosa), C_. flexuosus (lemongrass) and £. winterianus (citronella), 
respectively, will be determined by 6LC analysis. The GLC analysis 
will be performed by a 'Perkin Elmer Model 3920 B' equipped with 
thermal conductivity detector (TCD). 
Essential oils will be extracted from the plants by hydro-
distillation of plants using clevenger apparatus. A 100 g sample 
of each inoculated and control plants will be collected and chopped 
into pieces for the extraction of oil. Total oil content will be 
calculated on dry weight basis. Each sample will be dried at 80-100°C 
for 24 h and moisture content will be calculated. 
54 
5.1. Soil chemical analysis for N,P,K (macronutrients) 
and Zn, Cu (micronutrientsT 
Soil from each experimental pot will be collected after steri-
lization and before planting and also after harvest. The samples 
will then be air dried, powdered and passed through the 2 mm sieve. 
The chemical analyses of the soil for N,P,K, Zn and Cu will be carried 
out following standard procedures (Jackson, 1973). 
5.1.1. Analysis of nitrogen: Soil mineralizable nitrogen will be 
estimated by the alkaline permanganate method as described by Subbiah 
and Asija (1956). 20 g fresh soil will be taken in 800 ml Kjeldahl 
flask to which 20 ml of water + 100 ml KMnO^ (0.32%) + 100 ml NaOH 
(2.5%) solutions will be added. One ml of liquid paraffin will be 
added in solution to prevent frothing during boiling, and few glass 
beeds will be added to prevent bumping. The contents will be distilled 
in Kjeldahl assembly at a steady rate and the liberated ammonia will 
be collected in a 250 ml conical flask containing 200 ml of boric 
acid solution (mixed with methyl red and bromocresol green as indica-
tor). The 100 ml of distillate will then be titrated against 0.02 
N H^SO-. Then the nitrogen content will be calculated by the formula: 
Minerable N (Kg-ha) = 
= R X 0.02 X 1/20 X 0.014 x 2.24 x 10^ 
= R X 31.35 
Where R is the volume of 0.02 N H^SO^ required. 
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5.1.2. Analysis of phosphorus: Olsen's method (Olsen et^  ^ . 1954) 
will be fonowed for the estimation of available phosphorus in soil. 
2.5 g soil + 50 ml Olsen's ragent (0.5 N NaHC03, pH 8.5) will be 
taken in 100 ml flask. The flasks will be shaken for 30 minutes on 
shaker and the contents will be immediately filtered through Whatman 
No.1 filter paper. Then 50 ml of the filtrate will be pipetted to 
25 ml volumetric flask to which 5 ml of Dickman and Bray's reagent 
(15 gm amino molybdate + 30 ml water) will be added drop by drop 
with constant shaking of flask till the effervescence of CO^ will 
be ceased. The volume of solution in the flask will be then made 
approx. 22 ml with water. The one ml of freshly prepared stannous 
chloride solution will be added and then the volume will be made 
25 ml. The intensity of blue colour will be measured at 660 nm by 
using a spectrophotometer and the amount will be determined from 
the standard curve. Available phosphorus will be calculated as: 
Available P (ppm) = R x 50 x 25 
23" T 
= R X 100 
where R is the ppm of P in the sample (obtained from the standard 
curve). 
5.1.3. Analysis of potassium: Available potassium (exchangeable and 
water soluble) will be determined from neutral ammonium acetate ex-
tract of soil (Jackson, 1973). Five gm soil will be shaken with 25 
ml neutral normal ammonium acetate solution (2 N acetic acid + 2 N 
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ammonium hydroxide in 1:1, pH 7) for 5-10 minutes and this will be 
filtered immediately. Potassium concentration in the extract will 
be determined by flame photometer. 
5.1.4. Analysis of micronutrients (Cu and Zn): Micronutrients (Cu 
and Zn) of soil will be determined by the method of Lindsey and 
Norwell (1969). Micronutrients will be extracted from the soil in 
DTPA (Diethylene triamine penta acetic acid) reagent. The DTPA will 
be prepared by dissolution of 1.967 g DTPA + 1.470 g Ca Cl2 -^H^O 
in 20-25 ml of double distilled water and 13.3 ml of 0.1 M trietheno-
lamine will be added to it. Then the volume will be made 1000 ml 
and pH will be adjusted at 7.3. 
Ten gram of soil will be shaken in 20 ml of DTPA reagent for 
two hours in an Erlemeyer flask then filtered through Whatman filter 
paper (no.40/42). Micronutrients in the soil extract will be estimated 
by atomic absorption spectrophotometer. 
5.2. Plant analysis for macro-(N,P,K) and micronutrients (Cu, Zn) 
Samples of plant materials immediately after harvest will 
be dried in oven. Well dried samples will be finely ground and passed 
through 2.0 mm sieve. The analysis will be done following standard 
procedures (Jackson, 1973). 
5.2.1. Analysis of nitrogen: Total nitrogen in plant will be deter-
mined by using TECATOR-KJELTEC 1030 Autoanalyser. Powdered plant 
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material will be digested with strong sulphuric acid (10 ml) in pre-
sence of a Kteltabs (3.5 g K^SO^ + 0.4 CuSO^) at 410°C for one hour. 
The percent nitrogen will be calculated by the formula: 
% N (Total in plant) = 
(V^-V2) X Mortality of acid x 1.041) 
weight of oven dried sample digested 
where, V- is the volume (ml) of standard HCl required for the titra-
tion of sample and V^ is the volume of blank. 
5.2.2. Analysis of potassium: Powdered plant material (0.5 g) will 
be kept over night in 5 ml of cone. HNO^- Next day 10 ml of tri acid 
mixture (HN02:perchloric acid: H^SO. = 10:4:1) will be added and 
allowed to digest. After cooling, 6N HCl and 50 ml of distilled water 
will be added. Then the contents will be filtered to a 100 ml volu-
metric flask. Total potassium will be estimated from the preparation 
by flame photometr (Jackson, 1973). The amount will be determined 
from the standard. 
5.2.3. Analysis of phosphorus: Phosphorus content will be estimated 
by HNO^-Vanadomolybdate, yellow colour method (Jackson, 1973). An 
aliquot (5-10 ml) of the digest will be taken in a 50 ml volumetric 
flask, to which 10 ml HNO-^-vanadomolybdate reagent will be added. 
The colour intensity will be measured at 440 nm using a colorimeter. 
Phosphorus concentration will be calculated from a standard curve. 
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5.2.4. Micronutrients (Cu and Zn): Micronutrients will also be esti-
mated from digest prepared for estimation. The solution will directly 
fed to an atomic absorption spectrophotometer. The micronutrient 
contents will be calculated by standard method (Jackson, 1973). 
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